The DNA of Autographa californica nuclear polyhedrosis virus (AcNPV) was isolated from extracellular non-occluded virions. The guanosine plus cytosine content of AcNPV DNA was estimated from its buoyant density in CsC1 and its Tm value to be about 43 tool %. In ethidium bromide-CsC1 gradients doublestranded covalently closed DNA molecules (form I) were detected, while relaxed circular (form II) and linear (form III) DNA molecules were demonstrated by velocity sedimentation in sucrose. The mol. wt. of AcNPV DNA was calculated to be about 78 × lo 6 from the sedimentation value of form III DNA. Digestion of AcNPV DNA with restriction endonucleases EcoRI and BamI resulted in 21 and 7 fragments, respectively, after analysis on agarose gels. The mol. wt. of the fragments and their molar ratio were determined. By this method the tool. wt. of AcNPV DNA was calculated to be about 83 × IO 6.
INTRODUCTION
Granulosis viruses (GV) and nuclear polyhedrosis viruses (NPV) represent a group of viruses (genus Baculovirus) that are pathogenic for invertebrates, mainly insects. The increasing interest in these viruses emerges from the fact that they can be used in insect pest control as an alternative to chemical insecticides (World Health Organization, 1973 )-Although the baculoviruses have been studied for a long time, little is known about their molecular biology.
The virus particles have a rod-shaped morphology and consist of enveloped nucleocapsids containing DNA as the genetic element (Tinsley & Harrap, 1977) . Baculoviruses contain a circular, double stranded DNA molecule in the form of a superhelix (Radloff et al. 1967; Summers & Anderson, I972a, b, I973; Harrap et al. 1977; Skuratovskaya et al. ~977; Scharnhorst et al. 1977; Tweeten et al. I977; Knudson & Tinsley, I978) . The DNA of these viruses has been further studied by sedimentation analyses (Summers & Anderson, 1972 a, b, 1973 Harrap et al. I977; Tweeten et al. 1977; Knudson & Tinsley, 1978 ) , electron microscopy (Kok et al. 1972; Bud & Kelly, 1977; Burgess, 1977; Scharnhorst et al. 1977 ) and reassociation kinetics (Kelly, 1977; Rohrmann et al. 1977 ; Rohrmann & Beaudreau, 1977; Jurkovi~ovfi et al. 1979) . DNA molecules of the baculoviruses studied have estimated mol. wt. ranging from 5o × I o 6 to i oo x l o G.
Detailed analysis of the structure of baculovirus DNA is required as a basis for further studies on the replication of this DNA and the expression of its gene functions. Restriction endonucleases are a useful tool in the study of bacterial and mammalian DNA viruses (Roberts, I976) . Recently these enzymes have been used in the study of baculovirus DNA. Two baculoviruses, which are pathogenic for Orgyia pseudotsugata, have been discrimi-nated by restriction endonuclease analysis of their DNA (Rohrmann et al. x978) . Characteristic fragment patterns were also obtained from a number of other baculoviruses, including Autographa californica NPV (Miller & Dawes 1978a; Smith & Summers, 1978 ) . TEe sizes of the genomes of these baculoviruses are determined roughly from the tool. wt. of restriction enzyme fragments.
In this paper we describe some characteristics of the DNA of Autographa californica NPV (AcNPV) produced in a continuous insect cell line of the fall armyworm Spodoptera frugiperda. Several physico-chemical properties, such as G + C content and DNA structure, have been studied. The tool. wt. of AcNPV DNA has been determined using sedimentation analyses and has been compared with the accumulated tool. wt. ofAcNPV DNA fragments, generated by the action of either EcoRI or Bamlrestriction endonuclease.
METHODS
Reagents. TE buffer contained ~o mM-tris-HCl, pH 8.1 and Io mM-EDTA; SSC is o'I5 M-NaC1 and o.ol 5 M-sodium citrate, pH 7"5; SSC-EDTA is SSC containing Io m~-EDTA; TES buffer is o.2 M-NaC1, 5o mM-tris-HCl, pH 8.I, I mM-EDTA and o.t % sarkosyl; TENS buffer is o'7 M-NaCI, 50 mM-tris-HCl, pH ~2. 9, 0"3 M-NaOH, i mM-EDTA and o-1% sarkosyl; RE buffer is lo mM-tris-HC1, pH 7.5, 5o mM-NaCI, lo mM-MgCI~ and to mMdithiothreitol; electrophoresis buffer is 4o mM-tris-HCl, pH 7'8, 5 mM-NaAc, ~ mM-EDTA and o. 5/zg/ml ethidium bromide; TCA is trichloroacetic acid. Sarkosyl (sodium lauryl sarcosinate) was obtained from Koch-Light Laboratories Ltd. Colnbrook, Bucks, U.K. and agarose from BDH Ltd, Poole, Dorset, U.K. Restriction endonucleases EcoRI (from Escherichia eoli R) and Baml (from Bacillus amyloliquefaciens) were obtained from Boehringer, Mannheim. Methyl-3H-thymidine (ZH-dT, 2o Ci/mmol), L-35S-metbionine (57o Ci/ mmol) and H3 32PO4 were purchased from the Radiochemical Centre, Amersham, Bucks, U.K.
Marker DNA. DNA of adenovirus types 2 and 5 was prepared according to Burlingham & Doerfler (1971) . Bacteriophage T4 DNA was isolated from the T4B strain.
Cells and virus.
A continuous cell line from ovarian tissue of the fall arm~yworm Spodopterafrugiperda (Lepidoptera: Ncctuidae) was obtained from Dr T. W. Tinsley. Monolayer cultures of these S. frugiperda cells were kept at 27 °C in polystyrene tissue culture flasks in BML-TC/Io medium, described by Gardiner & Stockdale (I975). The characteristics of this lepidopteran cell line are described by Vaughn et al. 0977) . The nuclear polyhedrosis virus (NPV), originally isolated from the alfalfa looper Autographa californiea (Vail et al. I97O) , was kindly provided by Dr R. Granados as an inoculum of virus that had been passaged twice in Estigmene acrea cells. S. frugiperda cells in the logarithmic phase of growth were infected at 27 °C with A. californica NPV (AcNPV) at a multiplicity of about 5 to i o TCIDso (tissue culture infective dose giving 5o% infection) units per cell to permit ioo% infection within three days. Three to five days after inoculation when a maximum yield of TCIDso units was to be expected, the non-occluded virions were separated from the medium by centrifugation for 45 rain at 4oooog. The virus pellet was dissolved in a small vol. ofo-I × SSC, and was used directly for DNA isolation.
When isotope-labelled virions had to be prepared, the radiochemicals were added to S. frugiperda cells 6 h after inoculation with AcNPV. Virus DNA was labelled with 3H-dT (2o/~Ci/ml) or Hz32PO4 (5o #Ci/ml); virus proteins were labelled with 35S-methionine (3o #Ci/ml medium).
Isolation of virus DNA. To a concentrated virus suspension one vot. of 4 % Sarkosyl in o-I × SSC was added. After gentle mixing the virus particles were lysed by incubation for 2o rain at 60 °C. Then CsC1 was added to the lysate to obtain a density of 1"58 g/ml and this mixture was centrifuged at 5ooog for 15 min to remove the bulk of protein which floated.
The DNA was subjected to pseudo-equilibrium centrifugation in CsCI according to Brunk & Leide (1969) . Four ml of CsC1 dissolved in o.I × SSC with a density of 1"78 g/ml were brought gently under 4 ml of the DNA solution of l "58 g/ml. The discontinuous gradient was centrifuged for I6 h at 35ooo rev/min and io°C in a Beckman 5o Ti angle rotor. After fractionation of the gradient the DNA-containing fractions were pooled and dialysed for z 4 h against two changes of TE buffer. The absorbances at z6o and z8o nm were measured using a Zeiss spectrophotometer. DNA concentration was calculated assuming that A260= I corresponds to 5o #g DNA/ml. Only DNA with a ratio A~6o/A~.8o of 1.85 or greater was used in this study. DNA solutions were stored at 4 ° or -2o °C.
Rate zonal centrifugation. For the analysis of AcNPV DNA or DNA fragments, neutral and alkaline isokinetic gradients were constructed according to Noll (1967) and Van der Zeyst & Bloemers 0975) . In these isokinetic gradients, having a particular exponential shape, DNA molecules sediment at a constant velocity. The distance travelled by a DNA molecule is linearly related to its s20,w value. The gradients were calibrated for this linear relationship by adding Adz DNA and/or T4 DNA as internal standards. The s~0,w value can be determined with an accuracy of to within o'5S. Using the equations of Studier (1965) for neutral ($20,w=0"0882 M 0"a46 and alkaline (Sg0,w=O'0528 M °'a°°) conditions the mol.
wt. (M) could be accurately determined from the sedimentation value. When Ad2 DNA was used as a sedimentation marker in neutral gradients (3x S, Burlingham & Doerfler, 1971 ) a S2o,w value of 53S was recorded for T 4 DNA. This value corresponds to a tool. wt. of IO7 × lo 6, which is close to the mol. wt. for T4 DNA (1o6 × IO 6) determined by Freifelder (1970) .
Sucrose solutions were made up in TES buffer for neutral, and in TENS buffer for alkaline, gradients. Conditions of centrifugation are mentioned in the legend of the figures. Samples were collected from the bottom of the centrifuge tube and processed for radioactivity measurements.
Isopycnic centrifugation. AcNPV DNA was analysed by CsC1 density gradient centrifugation. The nucleic acid in SSC-EDTA was mixed with solid CsC1 to give a density of I'7IO g/ml and was centrifuged to equilibrium for 65 h at 35ooo rev/min and Io°C in a Beckman 5o Ti angle rotor. Adz DNA with a density of 1"717 g/ml (Pifia & Green, ~965) and T4 DNA with a density of l "7o5 g/ml (Erickson & Szybalski, 1964) were used as markers. AcNPV DNA was also analysed by CsCl-ethidium bromide centrifugation. The initial density of CsCI was 1"58 g/ml and ethidium bromide was present at a concentration of IOO #g/ml. Samples were collected from the bottom of the centrifuge tube. The density of gradient fractions was calculated from refractive indices measured with an Abb6 refractometer at room temperature using the equation: buoyant density (in g/ml)--io.86o~ × refractive index-I3"4974 (lift et al. 1961) . The guanine plus cytosine content of AcNPV DNA in tool fraction (G+ C) was calculated from the density (p) using the formula of Schildkraut et al. (I962) : buoyant density (in g/ml) = 1.66o + o-o98 (G + C mol fraction).
Radioactive measurements. When radioactively labelled virions were lysed and analysed directly on gradients (Fig. I) , the acid-precipitable material of each gradient fraction was collected on Whatman GF/C filters after precipitation for I h in I o % TCA. The filters were dried and the radioactivity was counted with a xylene-based scintillation mixture (Instafluor, Packard Inc.). When purified DNA was used, the gradient fractions were directly mixed with scintillation fluid (Instagel, Packard Inc.). The radioactivity was measured in a Packard Liquid Scintillation Analyzer at 12°C and expressed as ct/min. In dual-label analyses the ct/min are corrected for spill-over.
Thermal denaturation. AcNPV DNA was subjected to thermal denaturation in o.l SSC, pH 7"o according to Mandel & Marmur (1968) . Solutions containing about 3 °/~g DNA were sheared by vortex mixing and were extensively dialysed against three changes of o.l x I2-2 
t These numbers are used in the calibration curves ( Fig. 9 ).
SSC. Thermal denaturation (Tin) curves were made in a Gilford Model 2400-2 spectrophotometer with an automatic temperature control unit. During melting the temperature was raised by o'25 °C per rain and the absorbance was recorded every rain. The relative absorbance was corrected for thermal expansion of the solution. Calf thymus (CT) DNA with a G+C content of 42. 9 mol per c.2nt (Shapiro, 197o ) was used as a reference. According to Marmur & Doty 0962) a Tm of 7o'2°C can be expected from this G+C content. The G + C content of AcNPV DNA was calculated from its Tm relative to the Tm of CT DNA with the same formula of Marmur & Doty (i962) .
Restriction enzyme analysis. AcNPV DNA was digested with restriction endonuclease EcoRI and Baml. One to four/~g DNA was incubated for 2 h at 37 °C in 5o/~1 of a solution containing ~o mM-tris-HC1, pH 7"5, lo mM-MgC12, 6 mM-dithiothreitol, 50 mM-NaC1 and 2 units enzyme per #g DNA. The reaction was stopped by addition of o.I vol. of o'5 M-EDTA, pH 7"o, 20 mg/ml bromophenol blue, 30% sucrose. The activity of the enzyme was tested by cleavage of Ad2 DNA.
Cylindrical gels (o.6 × I5 cm) were prepared with 0"7 or 1'4% agarose (w/v) dissolved in E buffer. Slab gels (20 × 2o cm) were made i % with respect to agarose. Electrophoresis was carried out at room temperature at 2 V/cm until the bromophenol blue dye marker had reached the end of the gel. The gels were stained by immersion in E-buffer containing o'5 #g/ml ethidium bromide for 3o rain and the stained bands were visualized by fluorescence under a u.v. light source (Ultraviolet Products, Inc., San-Gabriel, California, U.S.A.) and photographed using a dark yellow filter. Alternatively, cylindrical gels were frozen on dry ice and cut into 0"75 mm slices, that were dissolved in o'5 ml 5 M-sodium perchlorate by incubation for 3o rain at 6o°C. The radioactivity was measured by liquid scintillation spectrometry.
The mol. wt. of each AcNPV DNA fragment was determined by comparison with Ad2 and Ad5 fragments of known tool. wt. (Table 1 ) on agarose slab gels. For each concentration of agarose a calibration curve was established by plotting the logarithm of the tool. wt. of Ad DNA fragments versus the relative migration distance (Fig. 9 a, b) . The mol. wt. of the AcNPV DNA fragments was estimated from these curves. The tool. wt. of AcNPV DNA fragments larger than 5 × IO 6 is determined more accurately on o'7% agarose gels, while the tool. wt. of the smaller fragments is calculated with more accuracy on I"4% gels. 
RESULTS

Preparation of virus DNA
AcNPV DNA was prepared as described in the Methods. By using virions labelled with *~S-methionine and aH-thymidine it could be demonstrated (Fig. i) 
Isopycnic centrifugation of AcNP V DNA
After centrii'ugation in neutral CsCI equilibrium gradients AcNPV DNA appears to have a density of I'7olo_+ o'ooo5 g/ml relative to Ad2 DNA (Fig. 2a) and T4 DNA (Fig. 2b) . As a control Adz DNA and T4 DNA were centrifuged in a sister tube (Fig. 2c) and appear to have a density difference of 12 mg/ml. Using the formula of Schildkraut et al. 0962), the mol percentage of G+ C in AcNPV DNA was calculated from its buoyant density to be 41"8 +_ o'5 % (four determinations).
In ethidium bromide-CsC1 equilibrium density gradients (Fig. 3b) , two bands could be detected, which have a density difference of o'o49 g/ml. The band with the greater density contains AcNPV DNA molecules presumably in a superhelical form (AcNPV DNA I), because this material appears to be sensitive to shear (Fig. 3a) Rate zonal centrifugation of AcNPV DNA Velocity sedimentation of AcNPV DNA was performed using neutral (Fig. 4) and alkaline (Fig. 5) isokinetic sucrose gradients according to Van der Zeyst & Bloemers 0 975). Analysis of freshly prepared AcNPV DNA (Fig. 4a) shows the presence of a major peak with a sedimentation value of 54"5S and a shoulder around 65S, relative to T4 DNA (53S) and Ad2 DNA (3iS). Storage of AcNPV DNA at 4°C for 7 days resulted in the appearance of a peak with a sedimentation value of 47"5S (Fig. 4 b) . When AcNPV DNA was analysed after 3 weeks of storage at 4 °C (Fig. 4 c) , the 47"5S peak was more pronounced than the 54"5S peak, while material with greater sedimentation values was no longer present. This degradation event was consistent with the finding that after 3 weeks of storage form I DNA was not detected in ethidium bromide-CsCl equilibrium density gradients (results not shown). Presumably the peaks of 65S, 54"5S and 47"5S observed in sucrose gradients correspond to closed circular (AcNPV DNA I), open circular (AcNPV DNA II) and linear (AcNPV DNA III) forms of AcNPV DNA. Using the equation of Studier 0 965) for neutral conditions, the mol. wt. of AcNPV DNA was calculated from the s value of AcNPV DNA III (47"5S +o'5S) to be 78"3+2"4× IO ~.
Velocity sedimentation of freshly prepared AcNPV DNA in alkaline isokinetic sucrose gradients shows the presence of two peaks (Fig. 5) . The fast sedimenting peak has a sedimentation value of about 14oS and presumably contains AcNPV DNA I in a denatured form. The second peak with a sedimentation value of 57"5 + o'5S, relative to Ad2 DNA (35S), is a mixture of denatured AcNPV DNA II and III and contains, therefore, singlestranded circular and linear AcNPV DNA molecules of genome size. Using the equation of Studier 0965) for alkaline conditions, the mol. wt. of AcNPV single stranded DNA is calculated from the s value of 57"5S to be 39"I + 2 x ~o 6. This corresponds to a mol. wt. of 78"2 + 4 x lo 6 for double-stranded AcNPV DNA.
Thermal denaturation
A thermal denaturation curve was established from AcNPV DNA, with calf thymus (CT) DNA as a reference (Fig. 6) . A Tm of 71.8 _+ o'l °C was found for AcNPV DNA, indicating a G+ C content of 43"6 _+ o'3 mol per cent.
Restriction endonuclease digestion
AcNPV DNA fragments, generated by the treatment with endonucleases EcoR1 and BamI, were resolved by agarose (slab) gel electrophoresis and were ordered alphabetically, . Analysis of AcNPV DNA fragments generated by the action of endonucleases BamI (a) and EcoRl (b) . Electrophoresis was carried out in cylindrical gels of 1% agarose. The gels were stained with ethidium bromide. The positions of the fragments are indicated. Fig. 8 . Analysis of aH-thymidine labelled AcNPV DNA fragments produced by treatment with restriction endonucteases EcoRI (a) and BarnI (b) . Electrophoresis of total digests was performed in cylindrical gels of I ~ agarose. Migration is from left to right. The gels were cut into o'75 mm slices and their radioactivity was determined. ©~© , ~H, ct/min× IO-3; O~O, 3H, ct/ rain × io -2. Note the difference in scale from fraction 5o. starting with A for the largest fragment. EcoRI digestion of A c N P V D N A yielded z I fragments (EcoRI-A to -R), while digestion with BamI resulted in seven fragments (BamI-A to -G). Most of these fragments were observed as fluorescent bands in gels stained with ethidium bromide (Fig. 7) . F r o m the intensity of the fluorescence it also appeared that fragments EcoRI-B, EcoRI-E and E c o R I -K were present in more than equimolar amounts, while EcoRI-H and EcoRI-J were present in less than one genome equivalent. The smaller fragments were not easily detected by fluorescence and therefore 3H-labelled A c N P V D N A fragments generated by the action of EcoRI (Fig. 8a) and BamI (Fig. 8b) were prepared and analysed on J % agarose gels. In contrast to the larger fragments, the smaller fragments were well resolved in these gels. N o fragments smaller than E c o R I -R and Bam-G were detected.
The tool. wt. of many of the A c N P V D N A fragments could be determined from the (Table l) is plotted against their respective mol. wt. in a semilogarithmic calibration curve. The tool. wt. of the AcNPV DNA fragments, generated by cleavage with EcoRI (indicated R-) and BamI (indicated B-), were calculated from their migration by interpolation and extrapolation on these curves. calibration curves by interpolation (Fig. 9a, b , Table l ). The fragments EcoRI-P, -Q and -R and BarnI-G are smaller in size than marker fragment Ad2-EcoRI-F 0"2 x io 6 mol. wt.) and their mol. wt. was therefore determined by extrapolation of the curve in Fig. 9(b) . Fragments smaller than 4 x l o 6 mol. wt. were better resolved on I'4 % agarose gels (Fig. 9 b) , while the mol. wt. of fragments between 4 x l O n and l o x l o 6 could be assessed with more accuracy on o'7 % agarose gels (Fig. 9 a) . The mol. wt. of two large AcNPV DNA fragments, BamI-A and BamI-B, could not be calculated with great accuracy by this method. Fragment BamI-A co-migrated with intact AcNPV DNA (data not shown). Fragment BamI-B migrated faster than fragment Ad2-EcoRI-A but slower than fragment Ad5-EcoRI-A, and has therefore a mol. wt. of about 16 x lo 6 (Fig. 9 a) .
Analysis of AcNPV DNA, cleaved with BamI endonuclease, on a neutral isokinetic sucrose gradient (Fig. lo) Tables 2 and 3 .
When uniformly 32P-labelled AcNPV DNA is digested with BamI and EcoRI and electrophoresed in agarose gels, the amount of radioactivity present in each of the bands can be used to calculate the frequency with which the different fragments occur in the genome. Such calculations on the basis of 3H-radioactivity (Fig. 8) could give erroneous results, because 3H-thymidine was used in that experiment. AcNPV DNA has a high content of A-T base pairs, which may be unevenly distributed over the restriction endonuclease fragments. The seven bands generated after digestion of a2p-AcNPV DNA with Baml contain approx. equimolar amounts of fragments (Table 2) . Analysis of a2p-AcNPV DNA digested with
EcoRI reveals (Table 3) , that at least three fragments, EcoRI-B, EcoRI-E and EcoRI-K are present in more than one equivalent per genome. Band EcoRI-E contains three fragments of similar size. These data are consistent with the more intense fluorescence of the fragments EcoRI-B, EcoRI-E and EcoRI-K after staining with ethidium bromide (Fig. 7 )-Fragments Fig. 9 ; Table I ). J" Not determined; the total number of ct/min in these fragments was less than two times the background. :~ §11 As in Table 2 .
EcoRI-H and EcoRI-J were not detected on the gel loaded with 3zP-labelled fragments (Table 3 ). These two fragments probably represent submolar fragments of the AcNPV genome, and their occurrence suggests there was some heterogeneity in the original isolate. The molar ratio of fragmen t EcoRI-Q and EcoRI-R is presumably near to one. The mol. wt. of AcNPV DNA was calculated from the mol. wt. of the BamI fragments to be 82-2 + 3"5 x io 6 and from that of the EcoRI fragments to be 84"3 _+ 2.I x ~o 6.
DISCUSSION
The G + C content of AcNPV DNA was estimated from its buoyant density in CsC1 to be 4I'8 +--0.5 tool % and, from its Tin, to be 43"6 +0"3 moI %. A similar G+C content (42-4_+ 1.8 tool %) has been obtained from cation-exchange chromatography of AcNPV DNA hydrolysates (Cibulsky et al. I977) . A G + C content of 47 mol % is reported by Murphy & McCarthy 0976), but this value seems somewhat high in the light of the data presented here.
Isopycnic centrifugation in ethidium bromide-CsCl gradients (Fig. 3) revealed the presence of covalently closed circular duplex DNA (form I) in non-occluded virions at a density that is o'o49 g/ml greater than the density of open circular (form II) or linear (form III) AcNPV DNA. The supercoiled form of AcNPV DNA was also observed as fast sedimenting material in alkaline sucrose gradients (Fig. 5) . Not more than 50 % of AcNPV DNA could be recovered as form I. Upon storage, form I was converted into forms II and III (Fig. 4) . All three forms of AcNPV DNA were completely susceptible to restriction endonucleases ( Fig. 7 to 9 ). DNA molecules similar to form I, II and III have been described for other baculoviruses (Summers & Anderson, ~ 972 a, b, 1973; Harrap et al. 1977; Tweeten et al. 1977) . The conversion of NPV DNA form I into other forms upon storage has also been observed by Knudson & Tinsley (1978) for Spodopterafrugiperda NPV DNA.
The mol. wt. of AcNPV DNA estimated from sedimentation analyses was 78"3 +_ z'4 x lo 6 (neutral gradients) and 78"2 + 4 x Io 6 (alkaline gradients). These values compare with those estimated from the restriction endonuclease experiments of 8z.2 _+ 3"5 x I o n (BamI fragments) and 84"3 _+ 2-2 x io 6 (EcoRI fragments). Mapping of the EcoRI and BamI fragments on the genome of AcNPV revealed that band EcoRI-P presumably contains two fragments of similar size (unpublished data). Similar digestion patterns of AcNPV DNA using BamI (Miller & Dawes, 1978b; Lee & Miller, ~978) or EcoRI (Miller & Dawes, 1978a, b; Lee & Miller, 1978; Smith & Summers, 1978) have been reported. An accurate estimate of the mol. wt. of AcNPV DNA (79 to 8~ x io n) has been presented only by Smith & Summers 0978) . However, these authors considered band EcoRI-E to contain two fragments, while we find that it contains three fragments (Table 3 ). All these values are smaller than 87 to ~ o4 x ~ o ~, the values obtained by Murphy & McCarthy 0 976) for tissue culture derived virions. The mol. wt. of AcNPV DNA should, therefore, be determined by other methods such as reassociation kinetics and electron microscopy.
Bands EeoRI-H and EcoRI-J are weakly stained with ethidium bromide and their ~zP-content is much less than might be expected from one-molar fragments. We assume that these fragments are derived from minor species of AcNPV DNA, and their tool. wt. is not included in the tool. wt. of AeNPV DNA. After cloning of our AcNPV, the DNA of the main genotypic variant obtained lacks these two minor bands but includes all the other fragments presented in Fig. 7 and Table 3 . Recently, Smith & Summers (~978) and Lee & Miller (~ 978) demonstrated by restriction enzyme analyses of DNA of cloned AcNPV, that there is genetic heterogeneity in AcNPV inocula. The DNA of our main genotypic variant is probably similar to 'LI' of Lee & Miller (t978) and 'Type 1' of Smith & Summers 0978).
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